ABSTRACT
INTRODUCTION
The negative impact of floods on the environment coupled with broad economic losses is indisputable ( fig. 1 ). Flood losses and total costs for remedial work during the years 1996 -2007 in Slovakia reached 20 429.08 million SK and ranged from 53.79 million SK in 2003 to 4 584.30 million SK in 1999. A considerable amount of financial damages was also caused by the failing of flood dikes (FD). With the goal of preventing such losses caused by the failure of flood protective measures, it is necessary to re-evaluate the stability of dikes and eventually design appropriate protective measures. Consequently, an analysis of the risk factors endangering the safety of FD is necessary.
ANALYSIS OF CONCOMITANT CIRCUMSTANCES SIGNALLING THREATS TO THE SAFETY OF A FLOOD DIKE
Threads to the safety of a FD are often signalled by concomitant circumstances involving extreme hydrodynamic loading of dikes during floods. 
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to the FD's stability. In the surroundings outflows also occurred with the movement of fine particles in the soil that confirmed the likelihood of failures of the filtration's stability, so the critical uplifts and velocities were probably exceeded. During floods on the Torysa river occurred in recent years near the village of Sady nad Torysou on the downstream toe of the FD outflows, which signalled possible failure of the FD's stability ( fig. 4) . The body and surroundings of the FD were also endangered by overflowing (housing constructions are situated in the vicinity of the downstream toe), which was secured during the flood by rising the level of the FD with sandbags. Floods at other FD in Slovakia were followed by similar concomitant circumstances. The importance of monitoring the body and surroundings of a FD during a flood is therefore an important part of controlling its safety. It is necessary not only to record but also to analyse and, if necessary, reduce by appropriate treatment the occurrence of concomitant circumstances at these structures and in their surroundings during a flood to an acceptable value. In tab. 1 we mention the most-oftenobserved phenomena that signal threats to the safety of a FD, both to its body and surroundings during floods, their causes, corresponding The selection of the optimal treatment is affected by several factors -morphology, the geological composition of a flood dike's body and subsoil, owner relationships, etc. It is necessary to fairly investigate the effect of the optimal treatment on any changes in the filtration regime, mainly from the viewpoint of eliminating the risk factors. In most cases, it is difficult to extrapolate the experience gained from solving problems at one locality to an other locality. The Finite Element Method (FEM) belongs among the methods which are commonly used for reviewing the safety of flood dikes and also for the design of an optimal treatment. In cases of the occurrence of flood discharges, the tasks involve the nature of the transient flow. The difficulty of the tasks is indisputable, and is complicated by the randomness of the flood's scale and occurrence, and also uncertainty concerning the material properties that characterise the environment of the seepage. Creating a representative model and simulating the in-situ conditions belongs among the most important and most complicated parts of solving the task. The following sections discuss some lessons learned and experience gained with the input parameters of the environment, which were obtained by applying FEM in order to solve various practical tasks.
SOLUTION TECHNIqUES
The mathematical solution for the transient flow of underground and seeping water is based on the application of the Continuity relation and Darcy's law. Computing three-dimensional numerical models is very difficult, from the point of view of creating the model itself; it is also very time consuming, because of the need to solve multiple alternative tasks. Therefore, 3D models are often substituted by solution in a vertical or horizontal plane. For a plane model, the following formula is applied [1] :
Where h is the pressure head (m), b is the saturated thickness (m), k x , k y are the filtration coefficients in the direction of the x and y axes respectively (m. s -1 ), t is the time (s), S v is the specific yield for any unconfined aquifers, S s is the specific storage (m -1 ), and q is a sink or source term (m. s -1 ) . Note that the sign convention for q is positive for a recharge and negative for a discharge. The credibility of FEM analysis is equal to the reality of the numerical model. Creating a representative model simulating the in-situ conditions requires defining of the solution area, the material properties, the boundary and initial conditions, and the parameters of the extreme hydrodynamic loading. Among the most important factors, belongs knowledge of the material properties of the seepage environment, which are determining factors of the flow's nature.
EFFECT OF THE MATERIAL PROPERTIES ON CHANGES IN THE FILTRATION FLOW
Of all the material properties (k x , k y , S v S s ) the highest impact on the nature of the flow is the filtration coefficient. A relatively high degree of attention is paid to estimating this parameter, because it is the subject of an engineering-geological investigation. Even though its results are often ambiguous, they are dependent on the method of estimation. In addition, this problem is complicated by the heterogeneity of the environment. By flood dikes, which specific is line character either sufficient engineering-geological investigation is often unavailable. An even higher degree of uncertainty is in the parameters of the transient flow, i.e. in the coefficient of the specific yield for unconfined aquifers S v and in specific storage S s . These are not the subject of an engineering-geological investigation; therefore, the estimation of their values for numerical modelling is always problematic. Knowledge concerning the rate of any filtration flow changes can considerably help us. The coefficient of the specific yield for unconfined aquifers S v is defined as the volume of water which is released from the unit surface of the soil by the unit decrease of the underground water level and vice versa [2] . For estimating its Mucha presents the following formulas, which depend on the environment's permeability: [3] . The margins of occurrence are noted in brackets. The values of the coefficient of the specific yield for unconfined aquifers are in a one digit place range. Its impact on changes in filtration flow was detailed and analysed in the contribution [4] . The analysis presented (executed with an assumption of extreme hydrodynamic loading equivalent to the parameters observed during recent years) figure on the minimal effect of the S v value Flooding of the surroundings; Failure of or damage to the FD Rising the FD on the filtration flow mode in an environment with a degree of permeability higher than 10 -3 m.s -1 over a short term (several days) of extreme hydrodynamic loading. Concerning long-term floods, this difference trailed away, which indicates that in regions with such permeability, this characteristic is unessential mainly when modelling long-lasting floods. In the actual duration of maximal discharges (tens of days) and in soils with a lower degree of permeability than 10 -6 m.s -1 the impact of S v on changes in the filtration flow mode is irrelevant. The yield for unconfined aquifers S v appears to be the most sensitive characteristic in soils with a permeability of 10 -4 -10 -5 m.s -1 . Its impact on changes in filtration parameters signal the highest degree of differences, which are maintained for weeks. In these conditions satisfactory input data are necessary for creating a representative numerical model. Specific storage S s is defined for confined layers with a tensioned water level such as a volume of water which is released from the unit surface of a 1 m thick confined layer by a unit decrease in the hydrostatic pressure and vice versa [2] . Its values for various materials are presented in table 2. In the first column according to Mucha [2] are assessed the values, in the second the values are measured in-situ and were obtained in the surroundings of Domenico in 1972 [3] . In the case of sandy and gravel soils the authors present several digit place differences. Bearing in mind the wide range of specific storage S s values, their estimation for numerical modelling is always problematic (in addition, it is not subject of a engineering geological investigation). In this case, generally valid knowledge on the effect of specific storage S s on filtration flow changes can substantially help us. The values from table 2 indicate a reciprocal proportion with the filtration coefficient. The subject of our study was therefore an analysis of the effect of specific storage on filtration flow changes, considering the soil's permeability. This approach is also practical, because both characteristics of a flow are input data for the numerical model. • with the decreasing value of the subsoil's permeability, the effect of the specific storage value on the filtration flow mode considerably increases, • after a specified time, this effect, which is dependent on the environment's permeability, is reduced (converging to a steadystate) by long-term extreme loading.
In accordance with above-mentioned facts it can be stated that:
• in a environment with a permeability of 1.10 -3 m.s -1 , the low effect of the specific storage values on changes in flow are apparent. Minimal (negligible) differences are observed in the initial phase of the extreme loading. During a long-lasting flood of a few days Stiff clay 2.6 .10 -3 -1. 
CONCLUSIONS
The proposed analysis clarifies the importance of observed parameters in various geological environments. Although the research was conducted using a representative model with the above-mentioned geometric parameters, some of its results have a general character. The analysis validates the minimal effect of specific storage on a filtration flow mode in an environment more permeable than 10 -3 m.s -1 , during a long-lasting flood and also in an environment with a permeability of 10 -4 m.s -1 . On the other hand, in soils with a lower degree of permeability than 10 -5 m.s -1 , the effect of this parameter is significant. In this case time plays an important role indeed. During the length of actual flood discharges (weeks) it can be stated that the irrelevant impact of this parameter on the behaviour of the groundwater level is also in soils with a degree of permeability lower than 10 -6 m.s -1 . From this viewpoint specific storage is important mainly in soils with a degree of permeability of around 10 -5 m.s -1 . In such conditions sufficient data are necessary for creating a sufficient numerical model. The approximate value of specific storage can be estimated using fig. 6 , where its values are expressed depending on the material's permeability. These results were retrieved and proved by solving broad practical problems in Slovakia using inverse models (back analyses) regarding water levels measured in situ under various load states. By common load states the measurement of water levels is usually part of monitoring dike safety. Under extreme load states these measurements are mostly missing. Therefore, it is also important to observe concomitant circumstances (mainly during floods) in surroundings such as waterlogged areas, the occurrence of outflows, piping, etc. Their monitoring should be part of technical and security surveillance and consistently recorded with remarks about their developments over time.
The paper discusses some risks threatening the safety of the flood dikes and possibilities for their treatment in Slovakia. Attention is paid to some lessons learned and experience gained with parameters input for numerical modelling of transient filtration flow using 
